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A

A controlled study of two proprietary floating-
type corrosion inhibitors and cathodic protection for
use in floating drydook ballast tanks is desoribed in
this report.

Test coupon results after exposure for one year
indicate that a floating-type inhibitor can effective-
ly retard corrosion in the wet-and-dry and dry zones
and will provido at least temporary protection in the
wet zone, Cathodic protection, effeotive only on a
submerged surface, is shown to achieve a 70-per cent
reduction in corrosion under severe exposure conditions*
Cathodic currents were reduced by a factor of five when
used with a floating inhibitor. No serious interference
was detected when the ti.o methods were used together.

A comprehensive field-testing program is reoomm-
ended to correlate laboratory studies and in-eervloe
resalts.
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& IINCDUCTION

The magnitude of corrosion and corrosion mitigation measures for fuel
and ballast compartments of floating equipment has e:a~ted considerable
study bv both covernment and private organisations. '6# This problem has
bern encountered by the Bureau of Yards and Docks in the maintenance of the
ba••St copatm of floating drydocks. The drydooks usually operate in
sea water and are located in mary parts of the world.

The interior of the compartments can be classified into three zones as
followe (1) wet (permanently submerged) (2) wet-and-dry (wet or dry, de-
pendent upon the water level during normal operation of the drydock), and (3)
dry (above the norml high water level), Corrosion is extensive throughout
the Interior of the drydock compartments, Although no quantitative data are
available on corrosion rates in the respective zonee, visual inspection of
interior stiffeners has indicated that the wet-and-dry and the dry zones may
actually suffer the most corrosion, It has been reported that the upper
portions of tanker compartments carrying fuel and Ies, water ballast are more
susceptible than the pewnently submerged areaso A serious result of this
rusting is the weakening of structural members and the pitting of Internal

* piping.e

The complex structure of the compartmnta and the poor accessibility of
certain areas make proper surface cleaning and recoating difficult, costly,
and timenoonsumingo Therefore, to obviate the problem associated with
manuall-applied coatings less costly and more permanent methods or inhibition
are bei investigated, individual experipntal applications of cathodic pro-
tection 4 and f2oating-typ inhibitors, :0 In use for several years by the
Burea of lards and Docks, have shown promising results. However limitations
Inherent In each method do not always permit optinum protection of all areas
of the compartments.

The purpose of this investigation was to determine the compatibility and
comparative effectiveness of two proprietary, floating-type organic inhibitors,
and cathodic protection techniques for sea water ballast compartments of float-
ing drydocks. The study was conducted under Project Nr 450 004,, Cowuaeon
Prevention and Special Continges, Subtask 4 Cathodic Protection. The primary
objective of this subtask is to develop aisfactory methods for employing
eatiodio protection in order to prevent or inhibdt corrosion of submerged or

* tUed, metal surfaces.

TiIMICAL C1(SIDLaATIOIS

The electrochemical corrosion of steel structuiee in a sea water environ-
wmit or atmosphere has been extensively described. '9 Other contributing

factors such as structural stresses, metal composition, temperature, humidity,
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drate of liquid level changes my accelerate the oorrOWi*

and frequengy and e osr e and metal composition in usually deter-rat, Te ignfcance of stresses adm

mined by design considerations and Will not be-."ooidered here&

Although floating dydook# are oP Orted in my different latitude,

temperature extremes encountered are tyrpical Of ambient conditions which might

var frm lo o abut0 r to a high of 120 Pe* Thus, while highertemperatures
valy •e•om a low of about cr sion rates, temperatres a.r not high enough to

interfere with the protective action of most good coatings or

Extreme humidity is typical of exposure in am enclosed vessel conA:v

sufficient water to maintain saturated conditions at all timed- The At of

condensation oamigring is dependent upon the rate and amount of temperature

changes, Vernon 7 has shown that the rate of atmospheric corrosion is depeent,

upon both relative bumidity, and contamination of the air with gase and eniS

peonded particles. His stUdes inicated that incipient corrosion effects began

with a relative humidity7 of about 60 Per cent, and that a profoiund increase.

Occured at a relative humidity Of aPproximamtly 80 pow cent, with the rate jt-

Creasing until the dew point was reached*

Of the various available methods of corrosion proteOction (paint, metallic

coatings, dehumidificatao, cathodic protection, of.l-8oluble inhibitors, water-

soluble Inhi-bitore, end chemioal1 1Oatirig inhibitors) paint coatings -have bee

relied upon principally imtil recent years, * owever, as previously stated in

tbis report, the difficulty in adequately cleaning and applying paitesd Voan

is costly in material anid time. In instances where Qompetiets aWe uWedto

carry fuel and are ballasted or cleaned with sea water, the danger of cargo

contagination restricts the use of inhibitor additivs. The development of a

vnylidene chloride acrylonitrile copolymer (sarxani. ti-g h.

for fu~l.re8istant tank linings on Laval- vessels.

l4etal2Li coatings such as flaw-s~prayed zinc or aluminum are being wWud

icreasingly for protection in a sea water . - nn- t but have been reported to

be ywre costly to aply than p:ainted coatings'

Dehmidification techniques are being extewsively employed for reducing

corrosion of storage and muaachinery omIertaentA of botb active and reserve

vessels * However, the constant exis5tenice of residual water in the ballast tanks

of foatng rydoks ake itvirtually impossible to maintain a bunidity below

the critical point.

Cathodic protection techniques can be used to mitigate corrosion On Per-

manently submerged surfaces.* The fact that surface preparation is not neoesUS9X

prior to installation and the relatively -aintOM_ efrs ,operiatin•n of a properly

designed system AMarej~or factors in of fsetting the high initial cost of cathodic

protetici The ch"ice of anode material, galvanic, or in•ro, In dep.d..t Upo
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the acoesitbdlity of the aeza to be protected and the availability of external
Iowa. zperience bas Inlteated thats in tanker eopa tmetp the wet-wid-dry
sches regeive protection approximately proportional to the aamout of time sub-
uerged,.- Since no protection in afforded areas above the hig~h water level and
only partial protectiton in aehieved in it met-d areas, a cathlodic protection
system muot be jus~tified pimarily on the basis of corrosion reduction within
areas below the normal, low water, level.

Comprehensive review of the action of inhibitor have been published. 31#12
Although rrosion inhibition In attributed to both ph7sical adsorption and
chemisorption, the exaot mechanism fer inhibition is still controversial. it is
generay concluded that the inJdibimto a t funtion by increasing the electro1
17tie resistanoei or polarising either the inole, the cathodic, or both areas of
the corroding surfaco.

The intake and discharge of ballast water for each dryudodking would appear
to sake the use of a water-soluble inhibitor uneconomical if a fresh supply of
inhibitor were required for each change of water. Thus, an inhibitor which is
relatively insoluble in water and can be applied with a minimau of labor iA
desirable. Preliminary studiee of ohemlal compounds used afloating corrosion
Inhibitors have shown promise in six-month laboratory tests'o7 Thee coatings
usually consist of a petroleum-vehicle with chemical additives. The chemical
additives assist in displacing water from the metal surface and form a non-
corrosive, protective film which adheres to the metal surface. The coating
material in added to the ballast compartments in sufficient aiounts to maintain
a continuous floating film, and to recoat the metal surface as the ballast water
level is changed. While the protective action of floating inhibitor* is usual&y
restrinted to those areas which can be recanted through normal, water level
changes, ireas above and below oan be coated initially by spraying or brushing.
Periodic dewatering or filling to extreme levels will provide additional Pro-
tection to areas not normlly coated.

TET FACILITIrs AND ITH.TDS

A standard test procedure has been established for the evaluation of float-I
Ing Inhibitors (1IL-c-l?936, Ships). However, the addition of cathodic protection
with its associated current distribution system made It desirable to conduct the
combined test in tanks large enough to require a current magnitude which could 4

be •aily, oontrolled and measured. It was also desirable to provide sufficient
interior area for mounting duplicate sets of test coupons in each of three ex-9c
posure sones. Standard TGB, 1000-gel pontoons were readily available and re-
quired only slight modification. The pontoons shown in Figure l,were located on

- * the shore, adjacent to a sea water harbor, and were equipped with a suitable
piping and pumping system to sinulate drydock ballast operations. Because the
frequency and rate of water level changes vary considerably with the siu and
14cation of various drydocks, a cycling period of two weeks was arbitrarily chosen.
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The pontoons won simltaneoualy filled with fresh. ea water to the upper limit
12 in. below the top of the pontoon, and, allowed -toreuan -f for one week* she
water level was then drained siimaltaneously 'to the lower limit, 16 in. above the
bottom of the pontoon, where it remained-for an additional week*. Filling and
dtaining rates of approximately 1-1/4 in.wper-..ut were us4.

Commercially available floating inbhibitors ean genorqlly .be classified into
JWo groups. The material, termed Type I in this report, is normally nongelling
and is obtainable ready-mixed. The Type .I material is. a two-oomponent product
composed of an inhibitor and a diluent. The inhibitor g dually g93s into a
semisolid coating which tends to buildup on the nmta surfaces , diluent is
added as required to maintain the visoosity of the residual floating matr4i4 at
A point low enough to permit the vecoating of vertical urfacees.

Since it was desirable to determine both the efficiency and the compatibility
of the two types of materials with oathodic protection, & test facility comprised
of six pontoons was employed, Pontoo,.No 1 contained Type I inhbitor. only.
Pontoon No. 2 contained an impressed current cathodic protection system~onlys
Pontoons Noe,, 3 and 4 contained impressed current oothodic. proteation systems
cmbine with Typ I and Type Il inhibi+,n•, reape~tive~ye Pontoon N~o* 3 con.
teined a galvanic anode cathodic protection system with. a Typ I Joinhbir .Pontoon
No* 6 contained Type II inhibitor onlyr.

The two different anode types impressed current and galvanic)were, inoorporated
in the cathodio protection installations to determine their individuaa, reactions
when coated with the inhibitor. The anodes were mounted horisontally on 1/a,-in.
studs, welded to the bottom stiffe:.-.e, of the pontoon. The graphite anodes, em-
ployed in Pontoons Nos. 3 and 4, were appropriately drilled in two places to
acoIxnate phenolic resin-laminated sleeves, which insulated them from the
mounting studs. The Duriron anode, used in Pontoon No. 2, was bolted with
polyvinyl-plastic screws between two pieces of phenolic .resin-laminated sheeting
The magnesium anodes, mounted in Pontoon No. 5. were rectangular in shape with a
pipe core extending through the center, and were mounted in the same manner as the
graphite anodes. An extermal lead was soldered to a wusher that was bolted to the
pipe core, and the whole oonneotion-area was filled with an oil-insoluble potting
aoq.ouM. Five magnesium anodes,.were.,originelly mounted on the bottom to insure
adequate current distribution. - It was found that one oentr•all locates anode
sufficed. The top of the anodes were approximately fifteen in, fro* the bottoa
of the pontoon and were in the permanently wet. sOne.

A selenium rectifier supl,)ied the power for the impressed current anodes and
suitable rheostats were incorporated in all anode leads for ,current. control., y
mounting them on wooden dunmage and using plastic pipe nipples in the external
piping, the pontoons were electrically-insulated from each others

Because of the shielded areas under the stiffeners and in the pontoon corners
a potential of 1.0 volt negative, with respect to a copper sulfate reference cell
at the high water level, was considered optimum. All potential readings were

4
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measured on a weekly schedule, with a potentiometer-voltmeter, before the water
level was changed. Since contamination of the porous plug of the half cell by
the floating inhibitor would influence potential readings, a balsa wood float
with a plastic Pipe 4 in, long and 2 in, in diameter extending through the center
was constructede The assembly was floated on the surface of the inibitorh with
one end of the pipe protruding into the sea water. All inhibitor wa raew%*
from the interior of the pipe, and the half cell wva lowered into the sea water
through the pipe.,

The effectiveness of the two methods of corrosion mitigation was determined
by the use of preweighed, 1/4-in, thick, mild steel test coupons. The coupons
were sandblasted and mounted as shown in Figure 2, in each of the three exposure
zones. Sandblasted coupons were used because of their ease in handling, and
because of the accuracy that they afforded in corrosion-loss determination. Two
coupons, one of which was electrically insulated, were bolted to the interior
surfaces of the pontoons that contained cathodic protection. Insulated test
coupons located in Pontoon No. 2 were used as controls for determining the
corrosion rate of unprotected coupons,

The interiors of the pontoons were lnitinlly covered with a thin coating of

rustIwhich covered over about 25 per cent of the surface area. The remaining
75 per cent of the a was covered th mill scale. The bbttome of the pontoons
were spotted with powdered rust and iere dampened; but there were no water puddles.

sideAfter installing the test coupons, approximately 2-1/2 gallons of the properh floating inhibitor were applied with standard paint-spr•y equipment. The under-
side of the pontoon tops and the bottom and side surfaces one foot above the
bottom, were coated in this manner. Sea water was slowly admitted to the pontoons
until the level had reached one foot. Additional inhibitor, in the amount pres-
cribed by the inhibitor manufacturer for this size tank, was added to the pontoon.
The water level was then raised until the entire interior of the pontoon was fill-
ed, This level was maintained for ten minutes. Then, the water was lowered to

the 16-in. depth level. The water remained at the lower level for twent-four
hours and then the tanks were completaly filled. Upon dewatering to the lower
level, the cathodic protection systeim iere energised and the regular two-week
cycling schedule was maintained fbor ai year.

An additional amount of diluent was added to the Type II inhibitor on two
•ocasions as the material gelled beyond the prescribed viscositly. A small amunt
of Type II inhibitor was also added during the test to maintain a uniform layer
on the water surface.

All test coupons remained in position-'for one year. At the completion of
the study, the coupons were removed, steas-leened, washed with solvent, and
e1eotrotoajly 4 -oAe in, a ftve pe cent sulphuric acid sea water bath, oon-
Sa mt Shot . T w vare vre-brushed and weighed Imediately

S
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S after drYing. Calculations of veight lots and ooOsion rates were made, as

shown in the Appendix.

TEST COUPON DATA RESULTS

Table I lists the individual coupons according to location, size, and
weight loss. In general, the losses were characteristic of corrosion phenomena
in that considerable variation was experienced. However, in two oases, ex-
cessive weight losses were found which were apparently, not representative. One
coupon, No. 2, located in the wet zone of Pontoon No. 1, was visually detected
as not being adequately coated on one side, Coupon No. 66, located in the wet-
and-dry zone of Pontoon No. 2 had become insulated from the pontoon and received
very little protection, 'Me data from these. two coupons was not included in. +Ae
results reported in Table II, the list of corrosion rates of test coupons in.
various exposure zones.

As anticipated, the corrosion rate for sea water only, in the wet zone was
less than that experienced in the wet-and-dry and dry zones. Although the demree
of protection afforded by cathodic protection appears low in the wet zone, it
should be noted that the coupons were mounted parallel to the interior surface
and stood out approximately three-quarters of an inch fron the surface. It was
believed that this mounting position would better duplicate areas shielded from
the anodea., such as the underside of stiffeners and the pontoon corners. Thus,
the measured corrosion rates of these coupons is indicative of one of the more,
severe exposure conditions encountered in ballast tanks subjected to cathodic
protection. The favorable protection afforded the coupons which had received
only the initial application of floating inhibitor and no cathodic protection
was surpris.ing Upon removal, after one year of exposure, the coupons in the
wet zone had lost their shiny, oily appearance, and isolated areas were beginning
to show some rusting, indicating that the coating was on the verge of failure.
No interaction affecting the individual protective abilities of the two techniques
was observed or detected by coupon losses which are shown in Table II.

A breakdown of coupons in the wet zone into those vertically and horizon-
tally mounted in shown in Table III. Corrosion losses for cathodically protected
coupons in the wet zone were virtually independent of coupon orientation. The
greater losses exhibited by vertically mounted, inhibitor-protected coupons is
attributed to the tendency of the inhibitor to drain off of the metal surface.
Tose coupons protected by both techniques exhibited negligible corrosion losses,
(See ligr 3).

As illustrated in Table II, the performance of the floating inhibitors in
the wet-and-dry zone was definitely superior to cathodic protection. If it is
assumed that the surface of a cathodically protected coupon, facing the anode,
receives 100-per cent protection while submerged, it is doubtful if this same
surface would receive over 50-per cent protection under the wet-and-dry exposure

6

0Lr 1



oonaditiom i eployede ,No aM tional prtectidn W di@oermnibl, in tbi. sme, r.,t
theet Ooupiomi V*64i~ig wadi rrants in oonj=*tdn -with the WdWitew4ft4d&6 4. ShoW 6OWPOW thAt We'rcpadd in the wet-azaif goe..

.'Corrosion los*m we, ealso negligible for coupons located In the.dMi soneiP
and initially oovered with inhibitor, as shown in Table I1 s, The coupon surfa•es,
illustrated in Figure 5, retained their oily appearance except in the upper
povtion of'vert•oally mouted oouponaj Vhdre rusting had oomenoed partioularly
on thaee coated with Type I inhibLtor. -The Type I1 inbibitor retained its.
Ua sse and adhered val venl. to -w 6ospon surface. The coupons that Vere in

.the pontoon without inhibitor were oompletely covered by rust., with rust-modules
prevalent in about 25 per -cent of the sirface area. Although pitting Was mare.c.
evident in the dry zone than in the other areas, no pita deeper than on- _0uasnth
of an inch were found, In general, the coupons closely resembled the pontoon
Interior surfaces.:

Sthe test period, the differences i o on rates within the dry
#'abetween the. pontoons with. and without. floating Labibitor became vistiblV,lr

&•nt..-In addition to ruet,.:the preasence of condensed moisture yas lownd.,on.
IA uld~ers of the horisontal lsurfaoee in the pontoon without al~hbitor,.,-

166 seci•al precautioni had been take to contr.ol the rt twerzo or -hmi~dir
inside the pontoons because of-their symmetry', and. beosse of the location of~tbe

test facility. The 15 in. by 23 in. manhole was covered with a bolted-down
14 . plate but it vat not airtight. A 2-in. vent.'pipe was unoapped whas fill-
img or draining: the tanks, Simultaneous measurementa of the temperature an-d...
relative hunditr of the interior of pontoons, with and without floating 4nbitor#

) and of exterior ambient conditions were made for one week with individually re-
cording by r thermographs, The -differences between the two pontoons, as sbovw.
in Figure , arnot 3triking but they are believed significant sieoe the hbmidt
in the pontoon with floating inhibitor rarely reaches the. dew.. poijt (I00 per cst)l .
By contrast, the relative humidity in the pontoon without floating inhibitor is
cOtiul maintained at, or near, the dew point.

The records of cathodic, protection -cret and potential. values Ilut1tw
the diffie4* in saini static coaditions. - Potentiometer reading vwo,',
taken acoooding to a weekly sioeadt...

As p'reoously stated, it.was hoped that a current level could be establ]A#d
which.would maintain. n, potential of 1.0 volt negative, with respect to & coppear
sulfate half cell. However, with the weekly changes in water level, the ule of
one rectifier, and the low driving voltage required for the three impressed
current systems, it was impossible to reach equilibrium conditions.] Betwoee the
ninth and eleventh weeks of operation, faulty rectifier contacts and modification
of the current control systms -caused an imadoquate supply of current and a re-
au2.iuat lw, ptential. lAstuatioas vetoe part•ularly tnublesoms, in the system

7
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uIagM athoi proteotion cnlh# as Indicated In the WP1e portion of - iCUS 7
becme f ~gzftt~ raft*$nc in curvest rqrest betwen the hig an

low water levels, * IntAl2YO an average ~ee4awreat of - .3 aw wemne
to the pontoont with cathodic protoection. New 044eseou deposits
fq .be notal vvurface, the durrent _ Noiim t S vdisav~ aeeromsod to a valas of
MbU~t,1.1 amp at' the and of the test*

Sonr wasavery little difference In lipressai current reuruasbetween
the two. pontoons containiing inhibitor onlye musown In Figure 83. An average
initial current of 0.15 amp was Impressed Into fthe pontcon v4th Type I i*Abdters,
and Spiproimately 0.10 amp wa iqrseseed -into the pontoon with Type 11 inbihtor.
lhe-&verago final currents were increased to -about, 0,25 aMp flor both of theg

The current and potential fbi' the pontoon equipped with the galvanic anode
was more Stable. An average current of s- - - djutely 0.10 amp was able to =min-
tain the desired potentia1~lb. lwower current requiremet for this pontoon was
attribted to either slight differences in the condition of the interio srtmwfec,
or-to teIncreasing cooncentration of magnesiun ions In the electrolyte, as the
anode was consumdv Itse pi - ~to of the residual water at the end of tOe
study Indicated a slightly hihe condition (more alkali) than In the other

psatmW. owover the diffomere In pH. was not great enough to uplai the U
ifferences In current mnafts that vere required.

Ths lower current reurmnsfor the surfaces coated with the floating
Inhibitor awe signifiant and emnphasize the va.2vo of using a coating with cathodic

'Wooctm*Thisreduction in current ne mt deoresse, the zmmber of anodes be-

WbQproblem is also minimized because of the. reduced ourrnvt futain
soun bywater level changes.e

ibotential measurements also were taken in the pontoons contailnin floatin
4iWhibAtor only,' and are plotted in Figure, 9. Unfortunately, no ea-ureaunts Were

A -Ae between the first and twelft weeks. The difference. between the two
In~bib~potential readings were attributed to special cheedoal additives con-

talned In the basic material. Type II material is-know to contain lmanoi and
smaLl amounts of cresylic sacid whimch could account for the more negative potent-
UUO5 It is veadwtood the Type I material contains a wetting aget, additimve
but no speoilf corrosion Inhibitor was added. lkte initially enve negative.
poutenia or the surfaces coated with Type I material was apparently caused by
tUs I~ueret polarizing action of the material itself. The potentials gradvaWl

gecrsedas the polarizing constituents were dissipated.,

On two separate occasions the water level was lowered to reoat the paphito
Wibe~th the nlotiug 4hiblter Un order to detesedne if. the soft"n mm)



have any offeot on the current-discharge efficiency of the anode. The water
level was immediately raised and current measurements, before and after reooating,
coincided within a period of minutes. Figure 10 illustrates the condition of the
graphite anodes, in use with the floating inhibitor, at the completion of the
test. The graphite anode, on the right, was wiped relatively clean to clearly
exhibit areas where the greater portion of the current had been discharged. These
areas were pitted to a depth of about 1/8-in, and it is not known if pitting would
have become nmre severe, or if a greater surface area of the anode would be util-
lied, if higher current densities were used. Admittedly, the anodes were much
larger than necessary because the current requirements could not be accurately
predicted before the study began. The magnesium anode appeared to deterioriate in
a normal manner and is shown in Figure 11. After the study had progressed for
six months, this anode was the sole source of current for Pontoon No. 5. Evol-
ution of a gas that was assumed to be hydrogen was evident by the accumulation of
bubbles on the surface of the floating material directly above the -nod . Because
of the relatively small amount of current discharged., this phenmnon was not
serious.

After six month's exposure to Type II inhibitor, swelling of the neoprene-
jacketed electric cable was observed. The swelling increased the diameter of the
cable by one-fourth, and softened it. This could ultimately reduce the cable'sabrasion resistance. Neoprene is susceptible to sygling in certain aromatic
solvents, chlorinated hydrocarbons, and creosote. L4

The phenolic resin-laminated insulating material used for mounting the anodes

showed a slight tendency to warp and to split after one year of exposure.

CONCLUSIONS

Under the conditions specified for simulating the operation of ballast tanks
for a floating drydock, several conclusions, based upon the corrosion losses of
preweighed, sandblasted, mild steel coupons that were exposed for one year, can
be made.

1. The combined use of cathodic protection and one application of a float-
ing-type inhibitor reduced corrosion in the permanently wet zone to negligible
amounts, In individual test installations of the two methods, the corrosion rate
was reduced by at least 70 per cent and was somewhat dependent upon the location
of the metal surface. No serious interference between the two methods was de-
tected.

2. The corrosion rate of surfaces in the wet-and-dry sone was effectively
retarded by the use of floating-type inhibitorse Cathodic protection in this
area is effective only when the surface is submerged.

3. An initial application of floating inhibitor to metal surfaces in the
dry sone reduced the corrosion rate by approximately 99 per cent.

9
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4o The addition of special chemical additives to a floating-type inhibitor
did not significantly increase the protection In the wet-end-dr or dry sones#
wihen compared with a floating-type product purported to contain a wetg t
:nly. Protection in these areas may be abetted by maintaining the relative Waldo
ity below the dew point figure.

5. After a one-year exposure period tho cathodic protection current we-*
quired in conjunction with a floating inh1bitor was one-fifth the magnitude ef
current required without a floating inhibitor.

RECOMIIMATIO1NS

Although the present study has shown that the combined use of floating-type
inhitbitors and cathodic Protection is effective in controlling the corrsion of
interior comprments, the ultimate value of the two methods can best be deter-
mined by actual service. It is therefore recotanded that these or other pro-
mising floating-type inhibitors be evaluated, with and without cathodic protection,
in operating drydocks. Preferably the in-service test should be conducted in the
sam drydock to insure duplication of exposure conditions. The efficiency of the
two methods should be determined individually, and together, by exposing a suff-
ioient number of test coupons both clean and rusted, in the various zones of the
ballast compartments. Remova and weighing of typical coupons should be scheduled
for six-uonth or yearly intervals in order to maintain *opeeeiw ftth om Ohw"
corrosion rate.

An accurate record of costs associated with each method would be valuable in
justifying their adoption for General use.

The use of laminated-plastic materials for anode support, and neoprene-
jacketed electrical cable, is not recommended, particularly if used with compounds
siMAlar to the Type II material. Unplastioised polyvinyl is suggested for use as
a anuting component and polyvinyl or polyethylee are recomended for electrical
cable insulationo
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APPENDIX

CALCULATION OF WEIGHT LOSS AND PFR CENT CORROSION RATE OF TEST COUPONS

A* Area of 4-i/4" x 4-1/4" x 1/4" coupons:

sides (4.25)2 _ 18.06 sq in.
edges (4 25) (.25) = 1.06
* the total area

= (4) (1.06) + (2) (18.06) = 40.38 sq in.

B. Area of 4-1/4" x 8-1/2" x 1/4" coupons:

sides (U.25)(8.5) = 38.125 sq in.
edges (8.5)(.25) + (4.25)(.25) = 3.1825
&so the total area

=(2) (38.125) + (2) (3,1825) = 82.625 so. in,

C. To calculate the inches of penetration per year:

Cro ( 3st + inches

(density grams/cu in.)(area of coupon in sq ino)

- Rr•lost =inches of penetration

(7.83) (16.387 ea of coupon sq in.)

1., For the small coupons (4-1/4" x 4-1/4" x 1/4")

ipy (inches per year) = ram W0t = mms lost(128,31)(4+0,375) 5.18 xi0

2. For the large coupons (4-1/4+" x 8-1/2" x 1/4")

JPV = o lost growram ls
(128.31)(82.625) 1.060 x 10=

mpy (mails per year) =1•

D. Corrosion rates based on the weight loss of control coupons.

Corrosion rate (%) (Wt loss of control)- (Wt loss of test coucon) x 100
wt loss of control
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TABLE I. Coupon location and weight

Expos--e.Zones Pontoon DTo. I Pontoon No., 2 Pontoon
Type I SeQIwato W4th n

inhiW~tor impresccd muwnt with Impi
cathodic protedt •crent• €. .. .. ..... ,.. _ protec

Coupon Wt Loss Coupon Wit Loss Coupon
Bottom Corners No. J•ms No No.

(4-1/4" x 4-1/4") 14* 516 5-
Vertical Coupons 42U...S .L 213.6 ,1.2 ,J 16.9 15
W 45* 4.7 16*

__ ...... 4 6.0 38 21.8T 1*4,1 59*-
Bottom 15 0.6 67 27.7 60_ _

(4-1/4" x 8-1/2") -* lO.4 57*
Horizontal Counon. 14 06 _19.9 _58

-' ---.. .

from bottom 1 1.3 LD 1I

T (4-1/4" x 4-1/4") I 43* 27.4 18*
& Vertical Couponw 3• 0.9 A4 3a.5 !-

D ENM of Pontoon 3 55.9 53P*
R (4o1/4" x 8-1/22") 1 2
Y Vertical Coupons 6 81. 5..

ID Vertical Coupons
~ (z-I/z. Y 8-1/2") !9 1.0 20 72.9 22

Y Horizontal Coupons '
Coupons 18 1.7 21 ,. 75.8 23

*Coupons Cathodically protected*
"* No coupons used because of duplicate exposure conditions.
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nd weight loss of individual coupons.

Pontoon No. 3 Pontoon No. 4 PbntooZn No, 5 Pontoon No* 6
Type I ixihbitor Type II inhibitor Type I inhibitor Type II
witb impressed with impressed th galvanic-typ Inhibitor

,current cathodic current cathodic cathodic
protection protection protection

Coupon lit Loss Coupon lI-t Loss Coupon lit Loss 3oupon Wt Loss
i N o .. L N o . . J L) N o .N_ _ o,

1 0.4 47* o0.5 24* 0,4
15 -4.9 4.6 0.1- 23 1.8 6 0.98
16* 1.0 51* 1.1 26* 0.7
17 5., 3.0 25 102 5
59* 0.3 78* 0.5 69* 1.4
60 2.6 77 0.8 70 0.6 7
57* 0.6 79* 0.1 75* 0.1

141;, 0.9 7" . 8,I18* 0 *4j52* 1.3 I11I
53* 2 6I4* 0.7 6- 2.0 I

56- 1,5 f2* 0.2 7Ž* 0.9

23 1.8 ** I * ** 290.
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TABLE II. Corrosion rates of test coupons in various exposure zones

Wet Zone Wet-and-Dry Zone Dry Zone
Average Reduction Average Reduction Average Reduction

Loss in Loss in Loss in
Exposure (mpy)' Corrosion I (mpy) Corrosion (mpy) Corrosion

Rate Rate Rate

Sea Water
(control) 3.0 0 8, 0 7,02 0

Cathodic Protection 0.839 72.2 1. 5.33 34.5 7.02 0,0

Type' I Inhibitor 0.411 86.3 0.151 97.2 0olO8 98.5

Type I Inhibitor
with

Cathodic Protection 0.088 97.1 0.122 98.4 ** **

Tne II Inhibitor 0.325 89.1 0.108 98.7 0_028 99.7

Type II Inhibitor
with I

Cathodic Protection _O.0_ 197.0 _ _ 0.247 97.3 ** **

* mils per year penetration (inches per year multiplied by 1O-3)
** no data obtained

17



TABLE III. Corrosion rates of test coupons located in the wet zone

Vertical Horizontal
Average Reduction Average Reduction

Exposure Loss in Loss in
(mpy) * Corrosion, (mpy) Corrosion

Rate Rate

Np C

Sea Water 3.07 0

Cathodic Protection 1,_,,9_ .3_0,685 69,8

Thne I Inhibitor o.83 77,7 i_ 0.115 9494

Type I Inhibitor
with

Cathodic Protection 0.121 96,7 0 6 97.6

TyPe II Inhibitor 0.586 84.4 0.071 96s4

Type II Inhibitor
with

.Cathodic Protection o.159 95,7 0.028 98*7

mils per year penetration (inches per year multiplied by 10-3)
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Figure 10.

"* Graphite anodes used
in conjunction with
the floating inhibi-
tors. The anode onthe left Is shown

upon removal from
I , the pontoon. The

anode on the right
I lws viped clean to

show deterioration.

FI

Figure 11. Magneui•m anode uged in conjunction Vith tloatin inhibitor.


